Introduction: FTND (Fagerstrӧm test for nicotine dependence) and TTFC (time to smoke first cigarette in the morning) are common measures of nicotine dependence (ND). However, genome-wide meta-analysis for these phenotypes has not been reported. Methods: Genome-wide meta-analyses for FTND (N = 19,431) and TTFC (N = 18,567) phenotypes were conducted for adult smokers of European ancestry from 14 independent cohorts. Results: We found that SORBS2 on 4q35 (p = 4.05 × 10 −8 ), BG182718 on 11q22 (p = 1.02 × 10
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Introduction
Cigarette smoking imposes a high health and financial toll on the smokers as well as society at large. Regular cigarette smoking often leads to nicotine dependence (ND). The tendency to develop ND is influenced by both genetic predisposition and environmental factors. In recent years, genetic studies of ND have made significant progress, exemplified by the identification of the CHRNA5-CHRNA3-CHRNB4, CHRNB3-CHRNA6, CHRNA4, and CYP2A6 loci. [1] [2] [3] [4] [5] [6] However, variants identified in these genes explain only a small proportion of heritability. For example, cigarettes smoked per day (CPD), a common measure used in ND studies, explained about 5.6% of the heritability. 7 Many more risk genes remain unidentified. Cigarette smoking is a complex behavior, and different measures are used to assess ND in both clinical and research settings. The quantity of consumption, typically assessed by self-reported CPD, is a measure used in many studies, including those that identified the CHRNA5-CHRNA3-CHRNB4, CHRNB3-CHRNA6, and CYP2A6 loci. [2] [3] [4] The Fagerström Test for Nicotine Dependence (FTND) 8 is another commonly used measure in genetic studies. CPD is one of the six questions included in the FTND and accounts up to three points in the 10-point FTND scale. Another FTND question, "How soon after you wake up do you smoke your first cigarette?" or time to smoke first cigarette in the morning (TTFC), is a strong predictor of difficulty to quit smoking and smoking relapse, 9,10 COPD, 11 and lung cancer. 12 Although both FTND and TTFC are important measures of ND, comparing with CPD, only a few genome-wide association studies (GWASs) 6, [13] [14] [15] have been conducted using these phenotypes. CHRNA4 and a few intergenic loci were found to be associated with FTND, 6, 13 but no locus for TTFC was identified. Here we report results from our GWAS meta-analyses on FTND (N = 19 431) and TTFC (N = 18 567). Our motivation to analyze TTFC separately is to understand what genetic factors contributing to the difficulty of quitting and relapse. Another benefit is that we can compare the results between FTND and TTFC phenotypes and identify convergent candidates. A lesson learned from comprehensive studies of the CHRNA5-CHRNA3-CHRNB4 locus is that a true signal can be detected with many correlated phenotypes. 16 Hence, a candidate with corroborative support from both FTND and TTFC would be more credible.
Methods

Datasets
We assembled 14 independent cohorts (FTND, N = 19 431; TTFC, N = 18 567) to examine the association between FTND/TTFC phenotypes and genome-wide genetic variants. A description of the cohorts and the summary of descriptive statistics of the cohorts are provided in Supplementary Material and Supplementary Table S1 , respectively.
Genotype Quality Control and Imputation
Genotype quality controls were conducted separately by individual groups for the discovery data sets ISIB, ALSPAC, AUTW, CEDAR, FTC1, FTC2, NTR, and GCD. For discovery data sets obtained from dbGaP (http://www.ncbi.nlm.nih.gov/gap) (SAGE, SC, MGS, COPDGene1, CIDR370v1, CIDR370v3, CIDRc3, CIDRc4, and EAGLE), we used the genotypes provided by the original investigators who conducted quality control procedures following the dbGaP standards. Genotype imputations were also conducted separately by each group using MaCH 17, 18 or IMPUTE2 19, 20 with the 1000 Genomes reference haplotypes (EUR panel, March 2012 release), using the default settings of the programs. Similarly, genotype quality control for the replication data sets (VTSABD, COPDGene2, S4S, PNAT2, and EAGLE [used for TTFC only]) was conducted by each group separately.
Inclusion Criteria and Phenotypes
Regular smokers, defined as those who smoked daily for at least 1 month or those who smoked at least 100 cigarettes lifetime, of European ancestry were included. FTND scores (0-10) and TTFC scores (0-3) were obtained from self-reported FTND questionnaire, ascertaining the smoking behaviors during the heaviest smoking period of the smokers. Both FTND and TTFC scores were treated as quantitative traits without transformation.
Association and Meta-Analyses
GWAS analyses were performed separately for each data set by individual groups using the PLINK program. 21 Assuming a linear mixed effect model, FTND and TTFC were treated as continuous outcomes and genotypes as predictors, whereas sex, age, and the first 10 principal components were included as covariates. Summary statistics from each data set were combined by GWAMA 22 program using inverse variance-weighted meta-analysis approach with fixed effects. Because the individual samples were analyzed using the same model, the summary statistics were used directly without further normalization. For the meta-analyses, only bi-allelic single nucleotide polymorphisms (SNPs) with minor allele frequency ≥1% and with high imputation quality (INFO value ≥ 0.4 from IMPUTE2, or r 2 ≥ 0.4 from MaCH) were included. p-Values from the meta-analyses were corrected for genomic-control. p-Values below 5 × 10 −8 were considered as genome-wide significant, whereas p-values below 5 × 10 −5 were considered as suggestive association and this threshold was used for selection of loci for convergence analysis.
SNP Heritability Analyses
To estimate the SNP heritability with genome-wide data, we used the linkage disequilibrium (LD)-adjusted kinship algorithm. 23, 24 Specifically, we used the control subjects from two large studies 25, 26 as reference to select LD-adjusted SNP predictors and used the metaanalysis results from the FTND and TTFC to estimate the weights for these SNPs. The heritability was then estimated with these LD-tagged SNPs. The number of SNPs used for FTND heritability estimate was 2 857 113 and that for TTFC was 2 981 471.
Replication Analyses
Six independent data sets of European descent (N = 7010 for FTND and N = 10 061 for TTFC) were used for a replication study of selected SNPs. We conducted replication study for all loci meeting these four criteria: (1) having five or more SNPs with p-value ≤ 5 × 10 −5 ; (2) at least one SNP with p-value ≤ 5 × 10 −5 having a minor allele frequency ≥5%; (3) minor allele frequency variation at the locus > 5% between SNPs with p-value ≤ 5 × 10 −5
; and (4) at least four data sets contributed to the signal at the locus. For each locus, we selected the SNP with smallest p-value for replication testing. The selection of these criteria was based on lessons learned from recent GWASs where true loci have multiple associated SNPs with different frequencies and many loci have multiple independent signals. 16, 27 The requirement of 5% minor allele frequency was intended to minimize the influence of potential outlier SNPs, and the inclusion of variation of minor allele frequency was to maximize the likelihood that the locus could harbor more than one association signal. p-Values below .0031 (.05/16) were considered as significant replication.
Gene-Based Association Analyses
We performed gene-based association analyses using the results from the GWAS meta-analyses. Specifically, we used the Knowledgebased mining system for Genome-wide Genetic studies (KGG) software, 28, 29 which uses an extended Simes test to integrate functional information and association evidence to combine the SNP p-values within a gene to obtain an overall p-value for each gene. In these analyses, we filtered out SNPs found in less than four data sets. All analyses were conducted using KGG default settings. We used the Benjamini-Hochberg method 30 to correct for multiple testing, and considered FDR q-values below 0.05 as statistically significant.
Pathway and Network Analyses
We conducted pathway enrichment analysis for genes with at least one marker with p ≤ 5 × 10 −5 from GWAS meta-analyses of either FTND or TTFC. If a marker was within a gene region, it was assigned to the gene; otherwise, it was mapped to its most proximate gene using the 50-kb flanking regions (both 5′ and 3′ sides). Genes identified using SNPs associated with FTND and TTFC were merged for the pathway enrichment analyses. We used the hypergeometric test implemented in the tool WebGestalt (2014 update) 31, 32 and the canonical pathways from the Kyoto Encyclopedia of Genes and Genomes (KEGG) database. We required each pathway to have at least three genes from our gene list and no more than 300 genes from the reference genome. The p-values from hypergeometric tests were further adjusted by the Benjamini-Hochberg method. 30 Only pathways with adjusted p-values < .05 were considered statistically significantly enriched.
We further examined how enriched pathways interacted with each other in function and regulation. Specifically, we applied the Characteristic Sub-Pathway Network (CSPN) algorithm 33 to search for significantly interacting pathway pairs. 34 CSPN was designed to prioritize pathway pairs with significant interaction of molecules from each pathway pair in the human protein-protein interaction (PPI) network (details in ref. 33 ). We used the human PPI data from the Protein Interaction Network Analysis (PINA) platform 35 as the reference network in this pathway crosstalk analysis. Our working PPI network included a total of 11 318 nodes (protein-coding genes) and 67 936 interactions. We restricted the analysis specifically to the aforementioned merged gene set and their enriched pathways. When running CSPN, a mode "OR" was selected, i.e., we considered all PPIs formed by the supplied genes as well as their one-step extension. In the final step, we selected the significant pathway interaction pairs based on permutation p-values ≤ .05.
Results
FTND and TTFC GWAS Meta-Analyses
In the GWAS meta-analyses of the discovery sample, about 19 000 subjects from 14 independent cohorts were included. For FTND (N = 19 431), only the CHRNA5-CHRNA3-CHRNB4 locus reached genome-wide significance ( Table 1 ). The smallest p-value was observed at rs16969968 (β = −0.21, SE = 0.02, p = 3.96 × 10 −19 ), which is a functional variant in CHRNA5 known to influence smoking behavior, in particular the quantity of cigarettes smoked.
Several additional loci (CIB4 on 2p23, BG182718 on 11q22, and DSC3 on 18q12) were promising ( Table 1) . The meta-analysis had a lambda of 1.03, indicating no significant genomic inflation. The Manhattan and Q-Q plots for FTND are shown in Supplementary Figure S1 . In the analyses of TTFC (N = 18 567), four loci (SORBS2 on 4q35, BG182718 on 11q22, AA333164 on 14q21, and CHRNA5-CHRNA3-CHRNB4 on 15q25) reached genome-wide significance (Table 1) . A closer examination of the local linkage disequilibrium (LD) indicated that the signals from BG182718 and CHRNA5-CHRNA3-CHRNB4 covered a broad genomic region (~500 kb), whereas the signals from SORBS2 and AA333164 were restricted within small intervals ( Figure S2 ). CHRNB3-CHRNA6 (smallest p = 8.83 × 10 −8 for rs11785369) and MIR31HG (smallest p = 5.70 × 10 −8 for rs184042824) were approaching genome-wide significance. Several loci meeting our criteria for replication testing are also listed in Table 1 . No genomic inflation was observed for TTFC phenotype (λ = 1.01). The Manhattan and Q-Q plots for TTFC are shown in Supplementary Figure S1 . Table 1 . The most significant loci identified in the FTND and TTFC GWAS meta-analyses in the discovery sample 
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EA, effect allele; NEA, non-effect allele; EAF, effect allele frequency; BP, base-pair position according to GRCh37/hg19; FTND, Fagerström Test for Nicotine Dependence; TTFC, time to first cigarette. *, minus and plus signs refer to the direction of effect in each independent dataset (SAGE, SC, MGS, COPDGene1, ISIB, CIDR370v1, CIDR370v3, CIDRc3, CIDRc4, EAGLE, ALSPAC, AUTW, VTSABD, CEDAR, FTC1, FTC2, NTR, GCD), whereas "?" refers to missing data. Genome-wide significant signals are highlighted in bold. For FTND, four loci were selected for replication in several independent samples (Table 2) . Of the four loci tested, only rs16969968 at the CHRNA5-CHRNA3-CHRNB4 locus was successfully replicated (p = 1.19 × 10 −11 ). Rs17005545 in the novel locus CIB4 had a p-value of 2.68 × 10 −7 in the combined samples. For TTFC, rs16969968 in CHRNA5 and 11 other loci were selected for replication. Rrs16969968 in CHRNA5 (p = 2.84 × 10 −10 ) was successfully replicated and rs11785369 near the CHRNB3 gene reached genome-wide significance in the combined samples (Table 2) .
We conducted SNP heritability analyses for both FTND and TTFC using the LD-adjusted kinship algorithm. 23, 24 The SNP heritability for FTND was estimated at 0.645, and that for TTFC was 0.193. ; *, linked to alcohol addiction; 43 **, linked to schizophrenia; 58,59 ***, linked to cocaine addiction. 42 Genes relevant to addictions or neuropsychiatric co-morbidities are highlighted in bold.
Convergent Loci Between FTND and TTFC
in both FTND and TTFC meta-analyses. A total of 15 genes/loci with convergent association signals were found ( Table 3) . The CHRNA5-CHRNA3-CHRNB4 locus was the only one reaching genome-wide significance for both FTND and TTFC. Other nicotinic receptors, CHRNB3-CHRNA6 and CHRNA4, also showed convergent association signals. Other highlighted genes included long noncoding RNAs (DA409732 and BG182718) and a RNAbinding gene (RBFOX1), microtubule and actin regulation genes (KIF2B and VAV2), a cAMP/cGMP modulating gene (PDE2A), and an apolipoprotein gene (APOL3). For some genes (THSD7B, PDE2A, KIF2B, and APOL3), the same SNPs showed suggestive association for both phenotypes; for other genes (ZNF804A, VAV2, RBFOX1, and CHRNA4), the association signals for the two phenotypes were from different SNPs.
Gene-Based Meta-Analyses
We conducted gene-based analyses using the KGG program. In these analyses, in addition to the CHRNA5 locus and nearby genes, a few novel genes were identified (Table 4) . COPB2 and CHRNA4 reached significance for association with FTND, and TTFCP2L1, RELN, and INO80C were significant for the TTFC phenotype. Table 4 also lists other candidates from gene-based analyses (i.e., genes with q-value ≤ 0.1).
Pathway and Network Analyses
There were 647 SNPs with p-value ≤ 5 × 10 −5 in the FTND metaanalysis and they were mapped to 134 known genes. There were 936 markers with p-value ≤ 5 × 10 −5 in the TTFC meta-analysis and they were mapped to 145 genes. Altogether 15 genes were shared between the two phenotypes, yielding a total of 265 unique genes for pathway analyses. In the enrichment analyses using canonical pathways defined in KEGG database, a total of 26 pathways were found to be overrepresented among these genes ( Table 5 ). The neuroactive ligand-receptor interaction pathway was the most significantly enriched pathway, including nicotinic receptors (CHRNA5, CHRNA3, CHRNB4, CHRNB3, CHRNA6, and CHRNA4), gamma-aminobutyric acid receptor (GABRG3), glutamate receptor (GRM5), and somatostatin receptors (SSTR1 and SSTR4). In addition to several pathways known to be involved in ND (cell adhesion molecules, MAPK signaling, tight junction, and axon guidance), our analyses suggested that endocytosis, lysosome, chemokine signaling, and regulation of actin cytoskeleton pathways are also involved in ND.
We further tested if and how these pathways interacted with each other. Multiple immune related pathways were identified by two highlighted genes, HLA-DMB and HLA-DRB5; to avoid the extensive network of HLA-related immune responses, we excluded these two genes in our pathway crosstalk analyses. Our analyses revealed interacting networks among the endocytosis, regulation of actin cytoskeleton, MAPK signaling, axon guidance, and chemokine signaling pathways (Figure 1 ). We also saw that two other pathways, melanogenesis and basal cell carcinoma, interacted and contributed to ND phenotypes.
Conclusion and Discussion
We conducted GWAS meta-analyses for the FTND and TTFC phenotypes in about 19 000 regular smokers of European ancestry from 14 independent cohorts. We confirmed the known association of the functional variant D398N (rs16969968) in the CHRNA5-CHRNA3-CHRNB4 locus for both FTND and TTFC phenotypes.
Although the association between FTND and CHRNA5-CHRNA3-CHRNB4 locus had been reported before, ours is the first to report its association with TTFC. GWAS meta-analysis of FTND identified one potential novel locus (CIB4 on 2p23) with suggestive association in the discovery samples and a trend in the replication samples. CIB4 encodes a calcium binding protein that interacts with integrin. 36 It may be involved in the integrin signaling. Our GWAS meta-analyses of TTFC, the largest for this phenotype, identified three novel loci (SORBS2 on 4q35, BG182718 on 11q22, and AA333164 on 14q21) in the discovery samples. SORBS2 encodes an adaptor protein involved in the regulation of actin cytoskeleton 37 and is recently suggested to be involved in intellectual disability. 38 The 11q22 signal peaks at rs117029742 located 25 kb from the 3′ end of BG182718 (also referred to as RP11-379J13.2). BG182718 is a long noncoding RNA with unknown function. In the interval of 1.5 MB centered at rs117029742, there are no other known genes. Interestingly, ClinVar database (http://www.ncbi.nlm.nih.gov/clinvar/) reports multiple large copy number variants in this region and these variants are reported to be associated with developmental disabilities.
39
AA333164 (also referred to as RP11-305B6.3) on 14q21 is another long noncoding RNA with unknown function; it also overlaps with known copy number variants associated with global developmental delay. 39 It is not clear how TTFC relates to intellectual disability or developmental delay, or whether there are other functions that account for the association. Independent replication of the three novel loci for TTFC was not evident, presumably due to the lack of power of the replication samples. Statistically significant evidence for independent replication of the observed SNP associations may require even larger sample sizes.
FTND is a commonly used measure in studies of smoking behavior and ND. It consists of six questions, with a sum score ranging from 0 to 10. 8 Many studies have used FTND scores to define ND, with varying thresholds (e.g., FTND ≤ 3 as low ND and > 6 as high ND, but also FTND ≥4 as dependent and FTND = 0 as unaffected and those in-between as uncertain), whereas others have treated FTND as a quantitative trait. Hancock and colleagues 6 conducted a GWAS using categorized FTND (low-level smoking and mild ND [FTND = 0 to 3]; moderate ND [FTND = 4 to 6]; and severe ND [FTND = 7 to 10]) and discovered that CHRNA4 was associated with FTND at genome-wide significance across GWAS discovery and replication samples. Loukola and colleagues 14 used FTND as a binary trait (FTND ≥ 4 as affected) in a study of 1,114 Finns but detected no genome-wide significant associations. Gelernter and colleagues 13 conducted a GWAS with FTND as a quantitative trait in a sample of 4117 Caucasians and 3529 African Americans, and detected a genome-wide significant signal in an intergenic region on 7q21. In our analyses, which included the Caucasian subjects from the study of Gelernter and colleagues, only the CHRNA5-CHRNA3-CHRNB4 locus reached genome-wide significance. When the discovery and replication samples were combined, the signal amplified. The signal observed in Gelernter et al.'s study, 13 rs13225753, was not significant in our analyses (p = .7188), presumably due to heterogeneity at the locus (Cochran's Q = 36.86, p = 4.36 × 10 −4 ). Compared with FTND, the TTFC phenotype is more related to the ability to quitting and relapse. 9 Loukola and colleagues 14 conducted a GWAS of TTFC in 1114 Finnish subjects, but detected no genome-wide significant signals. In our discovery sample, which also included the subjects from the study of Loukola and colleagues, 14 we found four loci reaching genome-wide significance (Table 1) . When the discovery and replication samples were combined, the CHRNA5-CHRNA3-CHRNB4 locus remained genomewide significant for both phenotypes and the CHRNB3-CHRNA6 locus reached genome-wide significance for TTFC, whereas the signals of other loci decreased somewhat due to weaker magnitudes of association in the replication samples (the common "winner's curse" phenomenon 40 ). The CHRNB3-CHRNA6 locus was originally identified using CPD phenotype, 3 and in the current study, a much stronger signal was detected for TTFC (min p = 8.83 × 10 −8 for rs11785396) compared with FTND (minimal p = 2.28 × 10 −5 for rs11785396; see Table 3 ). This is consistent with a previous report that the signal at the CHRNB3-CHRNA6 locus is stronger when analyzed with FTND phenotype than that of CPD, 15 because the main difference between FTND score and CPD is largely contributed by TTFC score.
TTFC is a component of FTND, and therefore TTFC scores correlate with FTND scores. In the literature, the correlation coefficient was reported to be 0.57. 41 In the SC sample, the correlation coefficient was 0.69. However, when we examined the metaanalysis results from these phenotypes, we saw notable differences. For markers reaching genome-wide significance, the CHRNA5-CHRNA3-CHRNB4 locus was the only region showing overlap. Even for this locus, the strength of signal differed substantially between FTND (minimal p = 3.96 × 10 −19 for rs16969968) and TTFC (minimal p = 6.21 × 10 −9 for rs16969968), despite similar effective sample sizes (Table 1 ). BG182718 (tagged by rs117029742) also showed signals for both phenotypes, with stronger association with TTFC (p = 1.02 × 10 −8 ) compared with FTND (p = 1.04 × 10 −7 ). On the other hand, there were genes/loci that showed association with one phenotype but not the other. For example, CIB4 (tagged by rs17005545) showed suggestive association with FTND (p = 6.99 × 10 −7 ), but very weak evidence of association with TTFC (p = 2.15 × 10 −4 ). Similarly, rs34022242 located between MFSD2A and CAP1 showed suggestive association with TTFC (p = 2.48 × 10 −7 ), but no association with FTND (p = .024). This suggests that FTND and TTFC measure different aspects of ND. Based on this information, we reasoned that if some genes/ loci showed reasonable signals for both phenotypes, it could be seen as a convergent evidence that these genes/loci are likely genuinely associated with ND. Our convergent analyses identified several intriguing genes in addition to those previously highlighted for ND (CHRNA5-CHRNA3-CHRNB4, CHRNB3-CHRNA6, and CHRNA4 6 ). These included genes previously associated with diseases for which cigarette smoking is a significant risk factor, such as cocaine addiction (RBFOX1), 42 alcohol dependence (THSD7B), 43 schizophrenia (ZNF804A) 44 and heroin addiction 45, 46 (ZNF804A), rheumatoid arthritis (PDE2A), 47 and prostate cancer (APOL3) 48 ( Table 3) . Furthermore, RBFOX1 was highlighted in a recent study on the genetic relationship between schizophrenia and ND. 49 It remains to be elucidated whether these genes are independent risk factors for these diseases among nonsmokers, or is the genetic association arising from mediation or moderation by smoking. For example, the CHRNA5 D398N function variant (rs16969968) is a risk factor for lung cancer but only among smokers. 50, 51 Our results further reassured that for a true signal, such as the CHRNA5-CHRNA3-CHRNB4 locus, convergent signals are seen with multiple-related phenotypes.
We also noticed the difference in SNP heritability estimates between the FTND and TTFC phenotypes. The SNP heritability estimate of 0.645 for FTND was close to the heritability estimated from twin studies for ND. 52 The estimate of 0.193 for TTFC seemed low when compared with twin studies, 53 but it was close to the estimate of 0.154 from a study with SNP measure. 54 The implication of this difference was not immediately clear. As SNP heritability estimates were influenced by the power of the GWASs, it was likely that our TTFC meta-analysis did not have the power to have a good estimate of heritability.
Gene-based analyses highlighted several other genes besides the CHRNA5-CHRNA3-CHRNB4 and CHRNA4 loci, including a gene involved in pluripotency demethylation and development (TTFCP2L1), 55 ,56 a gene associated with lung cancer (COPB2), 57 a gene implicated in schizophrenia (RELN), 58, 59 and a gene involved in chromatin remodeling (INO80C) 60 (Table 4) . These were novel genes first reported to be associated with smoking-related phenotypes. It would be interesting to see whether these genes could be replicated in future studies. Our pathway analyses revealed two statistically significantly enriched pathways. Although the involvement of neuroactive ligand-receptor interaction pathway in ND was expected since nicotinic receptors and other surface receptors belong to this pathway, the identification of endocytosis pathway in ND was novel and interesting. Over the years, there has been accumulating evidence that the recycling and internalization of surface receptors, such as nicotinic receptors, 61 NMDA receptors, 62 glutamate receptors, 63 and opioid receptors, 64 are involved in drug addiction. Furthermore, it is known that the recycling and internalization of surface proteins are mediated and regulated by endocytosis, actin cytoskeleton, and lysosome functions. Our pathway analyses explicitly identified these pathways in ND (Table 5) . Our network analyses indicated that these pathways were interacting with each other, forming an interconnected network. These findings were consistent with the emerging picture in addiction studies.
In summary, our GWAS meta-analyses of FTND and TTFC identified several promising candidates for both phenotypes. Three novel loci (SORBS2, BG182718, and AA333164) were discovered for TTFC. Although we could not validate these novel loci with statistical significance in our replication sample, further investigation is warranted. With supporting information from both FTND and TTFC phonotypes, we also identified promising candidates for ND, including several genes known for association with other psychiatric disorders. Our pathway analyses highlighted the endocytosis pathway, supporting the importance of recycling and internalization of surface receptors in the development of nicotine addiction. In our network analyses, we discovered a multinode network with several interacting pathways known for involvement in substance abuse and psychiatric disorders. This information provides new insights for our understanding of ND and nicotine withdrawal.
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